Sindbis virus (SV), an alphavirus in the family Togaviridae, causes acute encephalomyelitis in mice. Neuroadapted Sindbis virus (NSV) is a neurovirulent strain of SV that can elicit fatal encephalitis in adult mice as well as in suckling mice and provides a model system for examining the factors that determine outcome (11) . Antibodies play a crucial role in the clearance of infectious virus from the central nervous system (CNS) of SV-infected mice (23) , but infection also induces a brisk mononuclear inflammatory response that is immunologically specific and includes both CD4 ϩ and CD8 ϩ lymphocytes (13, 26, 28) . Little is known about the role of T cells infiltrating the neural parenchyma in the pathogenesis of NSV-induced encephalomyelitis. By adoptive transfer, virus-specific antibody can protect mice from fatal infection with NSV when given before or after infection, while T cells are not protective (11, 12, 43) . However, preimmunization with the nonstructural proteins of SV protects mice from fatal NSV encephalitis by a mechanism that appears to be dependent on T cells (8) .
The primary target cells for NSV infection in the CNS are neurons (15, 16) . If neurons could express functional major histocompatibility complex (MHC) class I molecules, then infected neurons could be recognized by CD8
ϩ T cells and be targets for cytotoxic processes. Such a mechanism for neuronal damage could be involved in fatal disease induced by neurotropic virus infection. The ability of neurons to express class I molecules remains controversial. Tissues of the nervous system and primary cultures of neurons do not express detectable levels of MHC class I molecules normally (20, 21, 30, 48) . However, MHC class I expression can be induced in neuronal cell lines (5, 19) and cultured neurons (32, 33, 39, 50, 51) by gamma interferon treatment. Recent studies have described neuronal class I expression in vivo. In rats, constitutive expression of class I antigen has been detected in motoneurons, and this expression was increased following axotomy (24) . In the developing cat brain, expression of class I mRNA and protein in neurons of the lateral geniculate nucleus correlates closely with synaptic remodelling of the visual system (2) .
In this study, we first investigated whether NSV-infected neurons expressed MHC class I as determined by immunohistochemistry and in situ hybridization. Subsequently, we analyzed the disease course in mice that genetically lack functional CD8 ϩ cytolytic T lymphocytes to determine whether CD8 ϩ T cells have a functional role in disease pathogenesis.
MATERIALS AND METHODS
Virus and mice. NSV (11) was used in this study. Stock virus was harvested from infected BHK-21 cells. Mice homozygous for a targeted disruption of the ␤2 microglobulin gene (C57BL/6J-B2m tm1Unc ) and the CD8␣ gene (C57BL/6-Cd8a tm1Mak ) and syngeneic C57BL/6J (B6) mice were purchased from the Jackson Laboratory (Bar Harbor, Maine).
Infection of mice and tissue processing. Eleven-week-old female mice under anesthesia were inoculated intracerebrally with 1,000 PFU of NSV in 30 l of Hanks balanced salt solution. At 1, 3, 5, 7, and 10 days after infection, groups of mice were anesthetized and perfused with phosphate-buffered saline (PBS). For virus titration and RNA extraction, brain, spinal cord, and spleen were quickly removed and frozen in liquid nitrogen. For histology, mice were further perfused with 0.5% periodate-lysine-paraformaldehyde (27) . Fixed tissue was incubated in 0.5 M sucrose overnight at 4°C and then snap frozen in dry-ice-cooled isopentane.
Virus titration. Brains and spinal cords were thawed, and 33% homogenates were prepared with PBS as a diluent. Virus content in each homogenate was determined by plaque formation of serial 10-fold dilutions on BHK-21 cells.
Values from the tissues of three mice were averaged for each time point.
Antibody measurement. At 1, 3, 5, 7, and 10 days after infection, sera were collected by cardiac puncture under anesthesia and were pooled from groups of four mice. Neutralizing antibody was measured by the 50% plaque reduction test in BHK-21 cells. Double immunofluorescence. Immunofluorescence was performed by using the indirect streptavidin-biotin method with tyramide signal amplification (TSA) (NEN Life Science Products, Boston, Mass.). Frozen tissues were embedded in Tissue-Tek OCT compound (Sakura Finetek U.S.A., Torrance, Calif.) and were cryosectioned. Sections were treated with 0.03% H 2 O 2 in PBS to block endogenous peroxidase activity and then blocked with an Avidin-Biotin blocking kit (Zymed, South San Francisco, Calif.) and a solution containing 0.1 M Tris-HCl (pH 7.5), 0.15 M NaCl, and 2% blocking reagent before each primary antibody. All incubations with the antibodies were for 30 min. For simultaneous detection of MHC class I antigen and SV antigen, sections were first stained for MHC class I and then for virus. MHC class I antigen was detected with biotinylated anti-H-2Kb/H-2Db monoclonal antibody (clone 28-8-6; PharMingen, San Diego, Calif.) and TSA. Virus-antigen-positive cells were detected by using rabbit anti-SV immunoglobulin G (IgG), followed by a biotinylated goat anti-rabbit IgG and Texas Red-avidin D (Vector Laboratories, Burlingame, Calif.). For simultaneous detection of F4/80 antigen (macrophage-lineage cells) and SV antigen, sections were stained with biotinylated anti-mouse F4/80 monoclonal antibody (Serotec, Kidlington, Oxford, United Kingdom) and TSA and were subsequently stained for SV as described above. For simultaneous detection of MHC class I and F4/80 antigens, sections stained with the biotinylated anti-H-2Kb/H-2Db plus TSA were subsequently incubated with rat anti-mouse F4/80 and then with a biotinylated rabbit anti-rat IgG and Texas Red-avidin D (Vector). Sections were mounted in Permafluor, and fluorescence was viewed with a Nikon Eclipse E800 microscope. Images were scanned and imported into Adobe Photoshop 5.0.
cDNA cloning and preparation of RNA probes. Complementary DNA fragments of SV E2 RNA and mouse MHC class I heavy chain, ␤2 microglobulin, TAP1, TAP2, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNAs were cloned by reverse transcriptase PCR by using the method of Wesselingh et al. (49) with modifications. For the mouse clones, cDNA was synthesized from C57BL/6J mouse spleen total RNA. For the SV clone, a DNA fragment was amplified from the molecular clone of SV 633 (E2 Q55G172) (46) . The PCR primers used for amplification were as follows: for SV, 5Ј-GGCGAA TTCTTGACGACTTTACCCTGACC-3Ј and 5Ј-ACTCAAGCTTAAGCCTTC TACACGGTCCTG-3Ј; for heavy chain, 5Ј-GGCGAATTCGGCTCTCACACT ATTCAGG-3Ј and 5Ј-ACTCAAGCTTGCGTTCCCGTTCTTCAGGTA-3Ј; for ␤2 microglobulin, 5Ј-ACTCAAGCTTGTCTTTCTGGTGCTTGTCTC-3Ј and 5Ј-GGCGAATTCGGCGTATGTATCAGTCTCAG-3Ј; for TAP1, 5Ј-GGCGA ATTCGATGTCTCTTTTGCCTACCC-3Ј and 5Ј-TTCCCAGTCTCACCTACC TC-3Ј; for TAP2, 5Ј-GGCGAATTCAGCTCTGACACCTCTCTGAT-3Ј and 5Ј-CACGTCTTTTTCCAGGTCTC-3Ј; for GAPDH, 5Ј-TGAAGGTCGGTGTGA ACGGATTTGGC-3Ј and 5Ј-GGCGAATTCATGTAGGCCATGAGGTCCAC CAC-3Ј. PCR products were digested with restriction enzymes EcoRI and HindIII and then cloned into pGEM-3Z vector (Promega, Madison, Wis.). Resultant recombinant plasmids were sequenced to verify their identity. The SV clone was 99.6% identical to residues 8638 to 8912 of GenBank entry J02363. The heavy chain clone was 100% identical to residues 333 to 593 of GenBank entry U47328. The ␤2 microglobulin clone was 99.6% identical to residues 74 to 349 of GenBank entry X01838. The TAP1 clone was 100% identical to residues 1447 to 1712 of GenBank entry U60019. The TAP2 clone was 99.6% identical to residues 760 to 1034 of GenBank entry U60087. The GAPDH clone was confirmed by partial sequencing.
Strand-specific RNA probes were prepared by using a digoxigenin (DIG) RNA labeling kit (SP6/T7) (Boehringer Mannheim, Indianapolis, Ind.). To obtain templates for RNA transcription, the plasmid DNA containing the cloned cDNA was linearized with restriction enzyme EcoRI or HindIII. Each linearized cDNA was labeled with the SP6/T7 transcription runoff method by incorporating DIG-11-UTP into the single-stranded specific RNA probe. The labeled probes generated from 1 g of the plasmid DNA were precipitated with ethanol and then dissolved in 50 l of RNase-free water. RNA probes were stored at Ϫ80°C.
In situ hybridization. Contamination with RNase was carefully avoided throughout. OCT-compound-embedded frozen tissues were sectioned at 10 m and were mounted on silane-coated glass slides. The slides were fixed in 4% paraformaldehyde for 10 min and were washed two times with 0.1 M phosphate buffer, pH 7.4. Then the slides were digested with 5 g of proteinase K per ml at room temperature for 10 min, were washed with phosphate buffer, were acetylated for 10 min in 0.1 M triethanolamine, pH 8.0, containing 0.25% acetic anhydride and were washed, dehydrated in an ascending series of ethanol, and then air dried. DIG-labeled RNA probes were diluted 1:400 to 1,000 in a preheated hybridization solution consisting of 50% formamide, 10 mM Tris-HCl (pH 7.6), 200 g of tRNA per ml, 500 g of fragmented salmon sperm DNA per ml, 1ϫ Denhardt's solution, 10% dextran sulfate, 600 mM NaCl, 1 mM EDTA, and 0.25% sodium dodecyl sulfate (SDS). A volume of 40 l of the hybridization solution was placed on each section and covered with a siliconized coverglass. The slides were incubated at 44°C for 16 h in a moist chamber. After hybridization, the cover glasses were removed in 5ϫ SSC (0.75 M NaCl plus 75 mM sodium citrate) at 44°C. The slides were washed once for 30 min at 44°C with 50% formamide and 2ϫ SSC and were washed twice for 20 min each wash at 44°C with 0.2ϫ SSC. Hybridized probes were detected with anti-DIG antibodies coupled to alkaline phosphatase and were developed according to the manufacturer's instruction (DIG Nucleic Acid Detection Kit; Boehringer Mannheim). Hybridization with DIG-labeled sense probes was used as a negative control.
Dot blot analysis and Northern hybridization. Total RNA was extracted from brains and spinal cords by using TRIzol reagent (GIBCO BRL). RNA samples were treated with RQ1-DNase I (Promega) and were diluted to a concentration of 2.5 g/l. Hybridization was performed by the method of Shifman and Stein (40) with minor modifications. Briefly, 1 l of each sample was spotted onto a dry Hybond-Nϩ nylon membrane (Amersham). After air drying, the RNAs were fixed to the membrane by GS Gene Linker (Bio-Rad). Membranes were prehybridized in 0.25 M Na 2 HPO 4 (pH 7.2), 10% SDS, 1 mM EDTA, and 2% blocking reagent at 68°C for 3 h. Hybridization was carried out in the same buffer containing 20 ng of the DIG-labeled cRNA probe per ml at 68°C for 16 h. After hybridization, membranes were washed three times for 20 min for each wash in 25 mM Na 2 HPO 4 (pH 7.2), 1% SDS, and 1 mM EDTA at 68°C. The hybridization signal was detected on X-ray film by using alkaline phosphataseconjugated anti-DIG antibody and disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2Ј-(5Ј-chloro)tricyclo[3.3.1.1 3, 7 ]decan}-4-yl)phenyl phosphate (CSPD) chemiluminescent substrate (Boehringer Mannheim). Quantitative analysis of the autoradiograms was performed using NIH Image 1.61 software. The signal intensity was normalized by probing the filters for transcripts of the cellular housekeeping gene encoding mouse GAPDH. The relative amount of RNA was calculated by dividing the intensity of the signal for SV RNA by the intensity of the signal for GAPDH mRNA. Values from the tissues of three mice were averaged for each time point.
For Northern hybridization, RNA samples (2.25 l) were electrophoresed through a 1.2% agarose-2.2 M formaldehyde gel and were transferred to nylon membrane. Hybridization was done as described above.
RESULTS

Changes in the expression of MHC class I antigens in the CNS after NSV infection. For CD8
ϩ T lymphocytes to recognize virus-infected cells, viral antigens must be presented as peptides complexed with MHC class I molecules. To determine if cells infected with NSV expressed class I molecules, tissue sections from NSV-infected brains and spinal cords were stained to detect both H-2Kb/H-2Db and SV antigen (Fig. 1) . The highest level of SV antigen was observed between 3 and 5 days after infection, predominantly in neurons in the hippocampus, thalamus, brain stem, and ventral horn of the lumbar spinal cord. MHC class I antigen was barely detectable in endothelial and choroid plexus cells of uninfected B6 mice. At 1 day after infection, no change in the MHC class I immunoreactivity levels could be detected (data not shown). At 3 days after infection, endothelial and ependymal cell class I expression was greatly intensified. A few inflammatory mononuclear cells with class I staining were seen in the areas with NSVantigen-positive cells. No infected neurons showed immunoreactivity for MHC class I (Fig. 1A) .
At 5 days after infection, the number of MHC class I-positive mononuclear cells increased conspicuously in NSV-infected foci, perivascular areas, and the meninges. Areas of tissue without foci of NSV-infected cells rarely contained MHC class I-positive mononuclear cells. Class I-positive mononuclear cells accumulated in NSV-infected foci (Fig. 1C  and D) , making it difficult to determine if the neurons also displayed a surface expression of MHC class I, although no cells with neuronal morphology were class I-antigen positive. Double labeling for SV and F4/80 demonstrated that the viruspositive mononuclear cells were macrophages and microglia surrounding and engulfing the infected neurons ( Fig. 1E and  F) . Even higher levels of MHC class I immunoreactivity with a similar distribution were seen at both days 7 and 10 after infection. Controls in which primary antibody was omitted were consistently negative. ␤2 microglobulin knockout (B2m-KO) mice infected with NSV also had no MHC class I expression (Fig. 1B) .
Northern blot analysis for MHC class I. The effect of NSV infection on transcription of MHC class I mRNA was investigated by Northern blot hybridization of RNA extracted from C57BL/6 mice during the course of acute NSV infection (Fig.  2) . Expression of mRNA for the MHC class I heavy chain, ␤2 microglobulin, TAP1, and TAP2 was barely detectable in the brains of uninfected C57BL/6 mice. Infection with NSV resulted in a marked increase in expression of heavy chain (1.8 kb) and ␤2 microglobulin (0.9 kb) mRNAs. The levels of mRNA for TAP1 (2.6 kb) and TAP2 (2.4 kb) also increased after infection. The levels of all of these mRNAs peaked between 5 and 7 days after infection. The expression of ␤2 microglobulin mRNA was not detected in the brains of B2m-KO mice.
In situ hybridization for MHC class I mRNA after infection with NSV. In situ hybridization with a probe for MHC class I heavy chain mRNA revealed a low constitutive expression in neurons of uninfected mice (Fig. 3A) . Hybridization signals were higher in large spinal cord motor neurons than in brain neurons. Ependymal cells, glial cells in white matter, and meninges also expressed heavy chain mRNA in low, but detect- able, levels. The mRNA expression of ␤2 microglobulin (Fig.  3B), TAP1 (Fig. 3C) , and TAP2 (Fig. 3D) was barely detectable in the CNS of uninfected mice. At 1 day after NSV infection, no clear change in the mRNA signals was detected.
The number of cells expressing heavy chain, ␤2 microglobulin, TAP1, and TAP2 increased in infected mice from days 3 to 7. The signals were confluent and generally elevated in both gray and white matter. A majority of neurons hybridized with the probes (Fig. 3F, H, J, and K) , and levels of mRNA expression in neurons in infected mice were higher than in uninfected mice (Fig. 3A, B, C, and D) . Signals were more intense in perivascular (Fig. 3E, G, and I ) and meningeal inflammatory mononuclear cells than in neurons.
Similar neuronal staining was observed in spinal cord neurons 5 days after NSV infection, and no staining was observed with identically labeled sense probes (Fig. 4) . 
Infection of B2m-KO mice and CD8-KO mice with NSV. To determine whether a deficiency in CD8
ϩ MHC class I-restricted T cells affects the susceptibility of mice to NSV-induced encephalitis, adult B2m-KO mice and CD8␣ chain knockout (CD8-KO) mice on a C57BL/6 background and control B6 mice were inoculated intracerebrally with NSV and were observed for mortality (Fig. 5) . Immunocompetent B6 mice showed a high mortality (72 to 90%), but only 20% (4 of 20) B2m-KO mice died by 11 days after infection (Fisher's exact probability test; P Ͻ 0.001), although 70% developed hind limb paralysis. In contrast, 63% (12 of 19) of CD8-KO mice died by 10 days after infection, similar to B6 mice.
Virus replication in vivo. To determine whether lack of CD8 ϩ T cells affected virus clearance, both infectious virus and viral RNA in the CNS of infected mice was quantitated. There were no significant differences in the amounts of infectious virus in the brains or spinal cords of CD8-KO mice and B6 mice at any time after infection (Fig. 6) . At day 1, the amount of infectious virus was lower in the spinal cords of B2m-KO mice than in those of B6 mice and CD8-KO mice (Student's t test; P Ͻ 0.05).
To compare the level of viral RNA in the CNS of B6 mice with the levels in B2m-KO and CD8-KO mice, we performed dot blot hybridization with a DIG-labeled probe for SV. At 1 day after infection, the level of viral RNA in the brains of B6 mice was higher than the levels in the brains of B2m-KO and CD8-KO mice (P Ͻ 0.01) (Fig. 7A) . At 3 days after infection, the time of peak virus titer (Fig. 6A) and peak virus antigen, the level of viral RNA in the brains of B6 mice was higher than the viral RNA level in the brains of B2m-KO mice (P Ͻ 0.01) (Fig. 7A) . The viral RNA level in the spinal cord of CD8-KO mice was lower than that of B6 mice at day 3 (P Ͻ 0.01) (Fig.  7B) . On days 5 to 10, during the period of virus clearance, the viral RNA levels in the brain and spinal cord decreased more quickly in B6 mice than in B2m-KO and CD8-KO mice. This difference was significant (P Ͻ 0.05) between B6 mice and both knockout mice at days 5 and 7 in brain (Fig. 7A ) and at day 7 in spinal cord (Fig. 7B) .
Antibody response to NSV infection. To exclude the possibility that a difference in the antibody response accounted for differences in virus replication and virus clearance and mortality, levels of neutralizing antibody in the serum of infected B6, B2m-KO, and CD8-KO mice were compared (Fig. 8) . No differences were identified.
DISCUSSION
Studies showed that mRNAs for the heavy and light chains of MHC class I molecules and for the peptide transporters necessary for loading peptide onto class I molecules before transport to the cell surface were expressed, but mature immunologically reactive protein was not expressed, by neurons after infection with NSV. Mice deficient in CD8 ϩ T cells due to lack of expression of the CD8␣ chain (CD8-KO) or MHC class I light chain (B2m-KO) cleared infectious virus as quickly as normal mice, but cleared viral RNA more slowly. Mortality in B2m-KO mice was lower than in mice without a defect in MHC class I. Therefore, these studies suggest that CD8 ϩ T cells play a role in clearance of viral RNA, but are unlikely to interact directly with infected neurons, and that expression of ␤2 microglobulin is involved either directly or indirectly in fatal NSV-induced encephalomyelitis.
It is generally acknowledged that the CNS is an immunosuppressive and immune-privileged microenvironment. CNS resident cells normally express few or no MHC class I molecules (20, 21, 30, 48) . In the present study, we demonstrated that MHC class I expression was induced in the CNS after NSV infection. By immunofluorescence, MHC class I antigen expression in the CNS of B6 mice peaked between 5 and 10 days after infection and was found on resident endothelial, meningeal, and macrophage and microglial cells as well as on inflammatory cells. Peak titers of virus in the CNS of infected mice occurred 3 days after infection, and infectious virus was rapidly cleared between days 5 and 10. At all time points, viral antigen was localized while expression of MHC class I was widespread. Therefore, the upregulation of class I expression is probably induced by factors produced by infected neurons or associated with the immune response induced by infection. Cells labeled with both anti-SV and anti-class I antibodies were detected at days 5 and 7 but not at day 3 in infected foci. These cells were almost exclusively macrophages and microglia. SV does not replicate in mononuclear cells in vitro or in vivo (10, 17) . The distribution of SV-antigen-positive macrophages was restricted to areas around infected neurons. Neither SV antigen nor SV RNA could be detected in resting microglia. These findings suggest that the viral antigens detected in macrophages and microglia were the result of phagocytosis. Macrophages and microglia, however, may be able to process viral antigen and interact with locally infiltrating T cells (47) .
The paucity of MHC class I antigens in infected neurons suggested that the transcription of class I molecules or the molecules that were required for surface expression of peptide-MHC class I complexes was suppressed specifically in neurons. Functional cell surface expression of MHC class I molecules depends on the production of both MHC class I heavy chain and ␤2 microglobulin, which noncovalently bind to each other (1, 41) . Antigenic peptide presentation also requires the heterodimer of TAP1 and TAP2 proteins that transports short peptides from the cytosol into the endoplasmic reticulum lumen for loading onto assembled MHC class I molecules (3, 29, 42) . In the present study, mRNAs for all of the molecules required for class I antigen presentation (heavy chain, ␤2 microglobulin, TAP1, and TAP2) were expressed in neurons as well as in cells that expressed detectable levels of these proteins. Heavy chain, ␤2 microglobulin, TAP1, and TAP2 mRNA levels were transiently increased after infection with NSV, suggesting that transcription of these mRNAs was coordinately regulated in neurons, as well as in cells that expressed detectable levels of protein.
Expression of MHC class I mRNAs in neurons suggests that failure of NSV-infected neurons to express MHC class I protein was due to a posttranscriptional block in protein expression rather than a deficiency in either ␤2 microglobulin or peptide transporter mRNAs. Posttranscriptional block for ␤2 microglobulin, TAP1, or TAP2 protein expression also could result in failure to detect MHC class I protein. This may be a neuron-specific block or a block in translation of cellular mRNAs due to SV infection since SV shuts down host protein synthesis. An alternative explanation is that the class I mRNAs detected in neurons may be associated with expression of nonclassical class I genes. In addition to the classical polymorphic MHC class I molecules, multiple genes code for heavy chains of "nonclassical" nonpolymorphic class I (class Ib) molecules (25) . The heavy chains of nonclassical class I molecules share sequence homology with classical class I molecules, and both kinds of molecules use ␤2 microglobulin as the invariant light chain (44) . Therefore, the possibility exists for cross-hybridization with nonclassical class I genes. An inability to detect the class I protein in neurons might result from the lack of a suitable, high-affinity antibody for nonclassical MHC class I proteins, and not due to the absence of expression of these molecules in vivo. Our data are consistent with the findings of Pereira et al. that primary sensory neurons upregulate MHC class I mRNA, but not class I proteins, in response to acute herpes simplex virus infection (36) . However, in a subsequent study, low-density classical class I proteins were demonstrated by flow cytometry on the cell surface of dissociated primary sensory neurons recovered from mice infected with herpes simplex virus (35) . Upregulation of MHC class I mRNA has also been detected in neurons of mice infected with Theiler's murine encephalomyelitis virus (34) , measles virus (7), and rabies virus (14) . Characterization of the class I heavy chain transcripts in neurons remains to be investigated.
Both B2m-KO mice and CD8-KO mice were expected to show comparable defects in MHC class I-restricted T-celldependent immune responses. However, a lack of expression of ␤2 microglobulin, but not CD8␣, decreased mortality from NSV infection. This differs from the observations of mice infected with lymphocytic choriomeningitis virus, where fatal disease still occurs in B2m-KO mice because CD4 T cells substitute functionally for CD8 T cells to mediate cytotoxic damage in the CNS (4, 6, 22, 31, 37) . B2m-KO mice also have impaired NK cell function (38) , but a role for NK cells in fatal NSV-induced encephalitis is unlikely since NK-cell-deficient B6 mice with the beige mutation died faster than B6 mice after NSV infection (data not shown). It also seems unlikely that protection from fatal NSV encephalitis is due to lower levels of early viral replication in the CNS of B2m-KO mice since these were not consistently different than levels in B6 or CD8-KO mice. Differences in mortality could in some way be related to the lack of expression of nonclassical MHC molecules which results in cytotoxic damage to neurons since this will be deficient in B2m-KO, but not CD8-KO, mice.
Although no differences in the amounts of infectious virus in brain were detected between B6, CD8-KO, and B2m-KO mice, there were differences in the levels of viral RNA. B6 mice had more viral RNA early after infection and more rapid clearance of viral RNA from the CNS. The SV-specific probe we used in this study hybridized with both full-length and subgenomic RNAs, so it is possible that more subgenomic RNA, not reflected in progeny virions, was produced by B6 mice early after infection. Antibody is the primary mechanism for clearance of SV from the CNS (23), but more rapid clearance of viral RNA from the brains and spinal cords of B6 mice than from CD8 T-cell-deficient B2m-KO or CD8-KO mice suggests an auxiliary role for CD8 T cells in alphavirus clearance from the CNS. The paucity of MHC class I protein in infected neurons suggests that CD8 T cells probably act indirectly to help clear intracellular virus RNA. Possible cytokines participating in viral RNA clearance (e.g., gamma interferon and tumor necrosis factor alpha, since they have antiviral activity) are expressed in the CNS after infection with SV, and expression coincides with mononuclear infiltration and virus clearance (49) . However, CD8 T cells are not required for clearance since RNA, as detected by dot blot hybridization, is eventually cleared from the CNS of CD8 T-cell-deficient mice either through the effects of CD4 T cells with overlapping functions or through the effects of antibody.
